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Paragraph [0038] 



[0038] One of the factors related to 
whether or not the maximum wind- 
speed point along the axis appears 
inside the impeller — and to where it 
appears along the axis inside the 
impeller — is the shape of the impeller 
component. The present invention 
definitively sets forth that if the 
relationship defined by the following 
expressions^) and (3) using a 
parametfTa^ satisfied between the 
area of intake airflow into the impeller 
component 1 (that is, the area of the 
cross section perpendicular to the axis 
at the upper-end portion of the impeller 
component, i.e., jit 2 ), and the area of 
ejection airflow of air blown by the 
impeller blade unit 3 (that is, the 
effective cylindrical area of the 
impeller blade unit 3 of the impeller 
component that contributes to blowing 
of the airflow, i.e., 2nxh) 5 the airflow 
speed maximum will not be on the 
upper surface of the lower endwall 
portion 2 5 whereby the impeller 
produces efficient airflow. 



[0038] One of the factors related to 
whether or not the maximum wind- 
speed point along the axis appears 
inside \lxc impeller — and to where it 
appears along the axis inside the 
impeller — is tike shape of the impeller 
component The present invention 
definitively sets forth that if the 
relationship defined by the following 
expre33icm£*&) (3) using a 
parameter x isf satisfied between the 
area of urtakfc airflow into the impeller 
component 1 (that is, the area of the 
cross section perpendicular to the axis 
at the upper-end portion of the impeller 
component, i.e., nr 2 ), and the area of 
ejection airflow of air blown by the 
impeller blade unit 3 (that is, the 
effective cylindrical area of the 
impeller blade unit 3 of the impeller 
component that contributes to blowing 
of the airflow* i.e., 2itrh\ the airflow 
speed maximum will not be on the 
upper surface of the lower endwall 
portion 2, whereby the impeller 
produces efficient airflow. 

Haiti P) 
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Paragraph [0040] 


f00401 Though the airflow soeed 
maximum should not appear on the 
upper surface of^Jpwer endwall 
portion 2 ev^i^f^^O, cantilever- 
type impellers prove to hg^over- 
extensive axially the a^nb^omes 
larger than that, making it is difficult to 
obtain stable impeller rotation, and as a 
result loss due to impeller vibration or 
other factors may increase, and the 
cooling efficiency of the fan may 
decrease. 


r00401 Thoush the airflow soeed 
maximum should not appear on the 
upper surface of the lower endwall 
portion 2 eveqftfa^40, cantilever- 
type impellers prove to be over- 
extensive axially ^V^comes larger 
than that, making Tt'aimcult to obtain 
stable impeller rotation, and as a result 
loss due to impeller vibration or other 
factors may increase, and the cooling 
efficiency of the fan may decrease. 


Paragraph [0042] 


[0042] If 5~<<d t tSb maximum wind- 
speed point should appear along the 
axis inside the impeller and at a 
position relatively distant from the 
lower endwall portion 2, producing a 
correspondingly sufficient drop in the 
airflow speed at the upper surface of 
the lower endwall portion 2. Therefore, 
the windage loss at the upper surface 
of (he lower endwall portion 2 can be 
reduced fiirther so that a centrifugal 
fan having higher efficiency can be 
realized. 


[0042] If ^^oj^b maximum wind- 
speed pointsBouid appear along the 
axis inside the impeller and at a 
position relatively distant from the 
lower endwall portion 2, producing a 
correspondingly sufficient drop in the 
airflow speed at the upper surface of 
the lower endwall portion 2. Therefore, 
the windage loss at the upper surface 
of the lower endwall portion 2 can be 
reduced further so that a centrifugal 
fan having higher efficiency can be 
realized. 
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Paragraph [0043] 


[0043] Sin^n^35 on the other end 
of the rang^ffieimpeller is not over- 
extensive axially, so that stable 
rotation of cantilever-type impellers 
can be realized Thus, impeller 
vibration is further reduced, so that a 
fan motor having better cooling 
efficiency can be realized. 


[0043] Sin^a^35 on the other end 

of the iBBtgeTtKe^mpeller is not over- 
extensive axially, so that stable 

rotation of cantilever-type impellers 
can be realized Thus, impeller 

vibration is further reduced, so that a 
fan motor having better cooling 
efficiency can be realized. 


Paragraph [0044] 


[0044] The above-explained 
comparison between the intake airflow 
area of the impeller component 1 and 
the ejection airflow area of the air 
blown by the impeller blade unit 3 can 
be applied to the case where the 
circular area of the impeller 2flrh is 
large enough relative to the total sum 
dhZ (where Z is the number of blades 
in the impeller blade unit) of the area 
of the cylindrical cross sections dh 
(where d is the blade thickness) around 
the axis of the impeller blade unit 3 
that the latter can be neglected. 
However, if the diameter 2r to the 
outer circumference of the impeller 
blade unit is reduced such that the total 
sum of the area of the cylindrical cross 
sections of the impeller blade unit 3 
cannot be neglected, a gap ratirfjo^ 
defined by the following equation^) 
must be taken into consideration. 


[0044] The above^explained 
comparison between title intake airflow 
area of the impeller component 1 and 
the ejection airflow area of the air 
blown by the impeller blade unit 3 can 
be applied to the case where the 
circular area of the impeller 2nrh is 
large enough relative to the total sum 
dhZ (where Z is the number of blades 
in the impeller blade unit) of the area 
of the cylindrical cross sections dh 
(where d is the blade thickness) around 
the axis of the impeller blade unit 3 
that the latter can be neglected. 
However, if the diameter 2r to the 
outer circumference of the impeller 
blade unit is reduced such that the total 
sum of the area of the cylindrical cross 
sections of the impeller blade \mtl 
cannot be neglected, a gap rat^T^j? 
defined by the following equation (5) 
must be taken into consideration. 
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Paragraph [0045] 



[0045] In this case of the present 
invention, the ejection airflow 
effective area of the air blown by the 
impeller blade unit 3 becomes 2rcreh. 
Here it is definitively set forth that if 
the relationship defined by the 
following ex press ions (6) and (7) using 
aparamet^n^pbitisfied, the airflow 
speed will not have the maximum 
value on the upper surface of the lower 
endwall portion 2, so that higher 
cooling efficiency with higher static 
pressure can be obtained. 



Mm 



[0045] In this case of the present 
invention, the ejection airflow 
effective area of the air blown by the 
impeller blade unit 3 becomes 2%reh. 
Here it is definitively set forth that if 
the relationship defined by the 
following orog^ions (6) and (7) using 
a param^^^^^tisfied, the airflow 
speed wmnoChave the maximum 
value on the upper surface of the lower 
endwall portion 2, so that higher 
cooling efficiency with higher static 
pressure can be obtained* 
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Paragraph [0047] ^ 


JPH7] The reason for 3/g5jgfrhat if 
**oms a value less than three, the 
■Airflow speed maximum may be at the 
upper surface of the lower endwall 
portion 2, and a windage loss similar to 
conventional centrifugal fans may be 
produced at the upper surface of the 
lower endwall portion 2, leading to 
decreased cooling efficiency of thejan. 
On the otheygand, the reason wh^uD^ 
30 is that '^nhAs a value greater man 
30, the impSller may become axially 
over-extensive hj^accordance with the 
larger value crf^paking it difficult to 
obtain stable ffflSttion of a cantilever- 
type impeller, even though the airflow 
speed does not have its maximum 
value on the upper surface of the lower 
endwall portion 2. In certain practical 
applications, the value c^f^us is 
preferably 30 or smaller. 


[0047]The reason for 3 30i£ that ffi J 
has a value less than threeffne air&w^ 
speed maximum may be at the upper 
surface of the lower endwall portion 2, 
and a windage loss similar to 
conventional centrifugal fans may be 
produced at the upper surface of the 
lower endwall portion 2, leading to 
decreased cooling efficiency of the^an. 
On the otherAand, the reason v/h^p<l 
30 is that if/Mias a value greater mm 
30, the imp^Her may become axially 
over-extensiveteraccordance with the 
larger value of^oiaking it difficult to 
obtain stable rendition of a cantilever- 
type impeller, even though the airflow 
speed does not have its maximum 
value un llie upper surface of the lower 
endwall portion 2. In car^s^ractical 
applications, the value cJTpimis is 
preferably 30 or smallerS'^ 
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Claim 36 



36. A cantilever-type impeller that 
connects with a motor component to form a 
centrifugal fan motor for cooling portable 
electronic devices and other small devices, 
an impeller upper end corresponding to the 
impeller side of the fan motor and an 
impeller lower end corresponding to the 
motor-component side of the fan motor 
being defined along the impeller rotational 
axis, the impeller comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to the rotational force 
transmission portion, the lower endwall 
portion therein configuring a wall surface; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-marginally to the upper 
surface of the lower endwall portion and 
each of the blades extending axially to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade unit therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents the jjjgal height of the impeller 
blade unit, axporepjpsents a iwameter, the 
relationships ^^=/nm\ 4 40, and r 
< 12,5 mm are satisfied. 



36. A cantilever-type impeller that 
connects with a motor component to form a 
centrifugal fan motor for cooling portable 
electronic devices and other small devices, 
an impeller upper old corresponding to the 
impeller side of the fen motor and an 
impeller lower end corresponding to the 
motor-component side of the fan motor 
heing defined along the impeller rotational 
axis, the impeller comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to the rotational force 
transmission portion, the lower endwall 
portion therein configuring a wall surface; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-marginally to tbe upper 
surface of the lower endwall portion and 
each of the blades extending axially to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade unit therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents thecal height of the impeller 
blade unit, an^ar^prasents a npf^meter, the 
relationships TStfn ^^tt^P, 4 -£a 5/40, and r 
< 12.5 mm are satisfied. ^ — ^ 
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Claim 40 



40, A centrifugal fan motor for cooling 
portable electronic devices and other small 
devices, the fail motor including an 
impeller, and a motor component having a 
rotary section, a stationary section and a 
bearing, the bearing supporting the rotary 
section rotatably against the stationary 
section for rotation about the motor 
rotational axis, an impeller upper end 
corresponding to the impeller side of the fan 
motor and an impeller lower end 
corresponding to the motor-component side 
of the fan motor being defined along the 
motor rotational axis, said impeller 
connected with the rotary section and 
comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to said rotational force 
transmission portion, for structuring a wall; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-marginally to the upper 
surface of the lower endwall pnrtion and 
each of the blades extending axially to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade unit therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents the ajral height of the impeller 
blade unit, an^a/epresents a rarameter, the 
relationships Z5£rh "fS^r 2 , 4 ^c^i 40, and r 
< 12,5 mm are satisfied. ^ 



40. A centrifugal fan motor for cooling 
portable electronic devices and other small 
devices, the fan motor including an 
impeller, and a motor component having a 
rotary section, a stationary section and a 
bearing, the bearing supporting the rotary 
section rotatably against the stationary 
section for rotation about the motor 
rotational axis, an impeller upper end 
corresponding lo Lhc impeller side uf the fan 
motor and an impeller lower end 
corresponding to the motor-component side 
of die fan motor being defined along the 
motor rotational axis, said impeller 
connected with the rotary section and 
comprising; 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to said rotational force 
transmission portion, for structuring a wall; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-marginally to the upper 
surface of the lower endwall portion and 
each of the blades extending axially to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade unit therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents the axial height of the impeller 
blade unit, andra^ptssents a narameter, the 
relationships 2mt 4 40, and r 
< 12.5 mm are satisfied. 
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Claim 61 



61. A cantileveMype impeller that 
connects with a motor component to form a 
centrifugal fen motor for cooling portable 
electronic devices and other small device*, 
an impeller upper end corresponding to the 
impeller side of the fan motor and an 
impeller lower end corresponding to the 
motor-component side of the fan motor 
being defined along the impeller rotational 
axis, the impeller comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower end wall portion fixed 
correspondingly to the rotational force 
transmission portion, the lower endwall 
portion therein configuring a wall surface; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-margin ally to the upper 
surface of the lower endwall portion and 
each of the blades extending axiaily to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade unit therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents the axjal height of the impeller 
blade unit, anctfo^pracnts a Mrameter, the 
relationships 23tfff 5 <pj[35 9 and 
r< 1 2.5 mm are satisfied, 



61. A cantilever-type impeller that 
connects with a motor component to form a 
centrifugal fan motor for cooling portable 
electronic devices and other small devices, 
an impeller upper end corresponding to the 
impeller side of the fan motor and an 
impeller lower end corresponding to the 
motor-component side of the fan motor 
being defined along the impeller rotational 
axis, the impeller comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to the rotational force 
transmission portion, the lower endwall 
portion therein configuring a wall surface; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-marginally to the upper 
surface of the lower endwall portion and 
each of the blades extending axiaily to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade uniL therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents the axial height of the impeller 
blade unit, anora^prgsents a parameter, the 
relationships 2xrh =fa¥, 5 r^ajk 35, and r 
< 12.5 mm are satisiKxL 
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Claim 64 



64. A cantilever-type impeller that 
connects with a motor component to form a 
centrifugal fan motor for cooling portable 
electronic devices and other small devices, 
an impeller upper end corresponding to the 
impeller side of the fan motor and an 
impeller lower end corresponding to the 
motor-component side of the fan motor 
being defined along the impeller rotational 
axis, the impeller comprising: 

a rotational force transmission portion 
provided on the impeller lower end, Tor 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to the rotational force 
transmission portion, the lower endwall 
portion therein configuring a wall surface; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-marginally to the upper 
surface of the lower endwall portion and 
each of the blades extending axially to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade unit therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents the axial height of the impeller 
bJade unit, Z represents the number of 
blades in the impeller blade unit, d 
represents the thickness of the blade unit, 
an^Jtepresents a parameter, the 
relationships 27treh ^v^ti 1 * 3 30, 2r < 
h, and r < 12.5 mm, wfierein e = (2ot- 
Zd)/23cr, are satisfied. 



64. A cantilever-type impeller that 
connects with a motor component to form a 
centrifugal fan motor for cooling portable 
electronic devices and other small devices, 
on impeller upper end corresponding to the 
impeller side of the fan motor and an 
impeller lower end corresponding to the 
motor-component side of the fan motor 
being defined along the impeller rotational 
axis, the impeller comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to the rotational force 
transmission portion, the lower endwall 
portion therein configuring a wall surface; 
and 

an impeller blade unit having plural 
blades, each of the blades at its lower end 
being fixed outer-marginally to the upper 
surface of the lower endwall portion and 
each of the blades extending axially to its 
upper end, the blades together defining an 
opening at the impeller upper end, and 
rotation of said impeller blade unit therein 
generating an airflow streaming along the 
rotational axis through the opening and 
towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r 
represents the diameter to the outer 
circumference of the impeller blade unit, h 
represents the axial height of the impeller 
blade unit, Z represents the number of 
blades in the impeller blade unit, d 
reprints the thickness of the blade unit, 
an(Q?j^presents a parameter, tjj& 
relationships 27trth 3 30, 2r < 
h, and r < 12.5 mm, wKerein e^flTur - 
Zd)/2fcr 9 are satisfied. 
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Claim 67 



67. A centrifugal fan motor for cooling 
portable electronic devices and other small 
devices, the fan motor including an impeller, 
and a motor component having a rotary 
section, a stationary section and a bearing, the 
bearing supporting the rotary section rotatably 
against the stationary section for rotation 
about the motor rotational axis, an impeller 
upper end corresponding to the impeller side 
of the fan motor and an impeller lower end 
corresponding to the motor-component side of 
the fan motor being defined along the motor 
rotational axis, said impeller connected with 
the rotary section and comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to said rotational force 
transmission portion, for structuring a wall; 
and 

an impeller blade unit having plural blades, 
each of the blades at its lower end being fixed 
outer-marginally to the upper surface of the 
lower endwall portion and each of the blades 
extending axially to its upper end, the blades 
together defining an opening at the impeller 
upper end, and rotation of said impeller blade 
unit therein generating an airflow streaming 
along the rotational axis through the opening 
and towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r represents 
the diameter to the outer circumference of the 
impeller blade unit, h represents the axial 
height of the impeller blade unit, Z represents 
the number of blades in the impeller blade 
unit, d represents the thickness of the blade 
unit, anc^mfepresents a parameter, the 
relationships 2nteh ^Sjr 2 , 3 30, 2r < h, 
and r < 12-5 mm, wherein e == (iZftr Zd)/2wx, 
are satisfied. 



67. A centrifugal fan motor for cooling 
portable electronic devices and other small 
devices, the fan motor including an impeller, 
and a motor component having a rotary 
section, a stationary section and a bearing, the 
bearing supporting the rotary section rotatably 
against the stationary section for rotation 
about the motor rotational axis> an impeller 
upper end corresponding to the impeller side 
of the fan motor and an impeller lower end 
corresponding to the motor-component side of 
the fan motor being defined along the motor 
rotational axis, said impeller connected with 
the rotary section and comprising: 

a rotational force transmission portion 
provided on the impeller lower end, for 
receiving driving force from the motor 
component; 

a lower endwall portion fixed 
correspondingly to said rotational force 
transmission portion, for structuring a wall; 
and 

an impeller blade unit having plural blades, 
each of the blades at its lower end being fixed 
outer-marginally to the upper surface of the 
lower endwall portion and each of die blades 
extending axially to its upper end, the blades 
together defining an opening at the impeller 
upper end, and rotation of said impeller blade 
unit therein generating an airflow streaming 
along the rotational axis through the opening 
and towards said lower endwall on its upper 
surface, said impeller blade unit being 
dimensioned such that given that 2r represents 
the diameter to the outer circumference of the 
(tnpeller blade unit, h represents the axial 
height of the impeller blade unit, Z represents 
the number of blade* in the impeller blade 
unit, d represents the thickness of the blade 
unit, and^^presents^oaramejet the 
relationships 27creh =^^, 3 /g ^30, 2r < A, 
and r < 12.5 mm, wheFein e = (25rr - Zd)/27rr, 
are satisfied. 



